The toxin profile and hemolytic activity of a strain of Ostreopsis cf. ovata (UFBA013) isolated from Todos os Santos Bay (northeastern Brazil) were evaluated under different levels of N and P. Phylogenetic analyses based on ITS rDNA region (ITS1-5.8S-ITS2) placed UFBA013 within the Atlantic/Mediterranean/ Pacific clade of O. cf. ovata. Growth experiments were conducted in f/2 medium modified by adding N and P (P: 0e36 mM; N: 0e882 mM). The growth kinetics was adequately described by logistic equations.
Introduction
Dinoflagellates of the genus Ostreopsis may produce palytoxin (PLTX) and ovatoxins (OVTX), which are large and complex molecules (Ramos and Vasconcelos, 2010 and references therein) , and the known adverse effects of PLTX-like compounds in food webs and fisheries pose a potential threat to public health and aquaculture activities (Aligizaki and Nikolaidis, 2006; Aligizaki et al., 2008; Brescianini et al., 2006; Ciminiello et al., 2006 Ciminiello et al., , 2011 .
Reports of the toxic benthic genus Ostreopsis have increased worldwide over the last two decades , raising concerns about harmful effects on the marine biota (Gran eli et al., 2002; Simoni et al., 2003; Totti et al., 2010) and public health Tubaro et al., 2011) . Members of the genus Ostreopsis are epibenthic dinoflagellates with circumtropical and temperate latitudinal distributions Parsons et al., 2012) . Ostreopsis typically proliferates in shallow, sheltered coastal waters, adhered to a variety of substrates, and also in the water column (Tindal and Morton, 1998; Botallico et al., 2002; Totti et al., 2010; Accoroni et al., 2015) .
Ostreopsis ovata Fukuyo is one of the most conspicuous species, and can synthesize PLTXs and PLTX-like compounds, such as OVTXs -a to -k Brissard et al., 2015; García-Altares et al., 2015; Tartaglione et al., 2016) and isomeric OVTX-a AC (Suzuki et al., 2012) . These toxins can affect humans through the consumption of seafood. Marine invertebrates, including crustaceans, molluscs, shellfish and echinoderms, can also accumulate toxins, with the consequent risk for human consumption (Aligizaki et al., 2011; Amzil et al., 2012; Brissard et al., 2014; Bir e et al., 2013 Bir e et al., , 2015 . Other negative effects in humans have been associated with skin irritation (Hoffmann et al., 2008) and respiratory difficulty after inhalation of marine aerosols (Ciminiello et al., 2008; Totti et al., 2010; Vila et al., 2012) . Ciminiello et al. (2014) described the simultaneous presence of OVTXs and cells in marine aerosols that could be eventually linked to this respiratory syndrome.
In Brazil, Ostreopsis blooms have been reported in Rio de Janeiro State, on the southeastern coast of the country (22 58 0 S/042 1 0 W), associated with deleterious effects on sea urchins (Gran eli et al., 2002; Ferreira, 2006; Nascimento et al., 2008 , and in the Saint Peter and Saint Paul Archipelago located in the mid-equatorial North Atlantic Ocean (00 55 0 02 00 N/029 20 0 42 00 W), about 821 km from the Brazilian coast and 1586 km from the African coast (Nascimento et al., 2012a) . Other records of Ostreopsis spp. along the Brazilian coast encompass the States of Pernambuco (08 24 0 S/ 035 4 0 W) and Bahia (16 27 0 S/039 05 0 W; 16 24 0 S/039 02 0 W), both in the northeastern region, as well as São Paulo (23 48 0 S/ 045 25 0 W) and Santa Catarina (26 46 0 S/048 39 0 W), in the southeastern and southern regions of the country, respectively (Menezes et al., 2010; Nascimento et al., 2012a) . A bather's intoxication symptom has been reported on the south coast of Bahia State , similar to that reported by Ciminiello et al. (2006) in a toxic outbreak associated with Ostreopsis cf. ovata, in Genoa. During the events on the Bahia coast, no Ostreopsis blooms were identified, but extracts from scum and microperiphyton were toxic to sea-urchin larvae (producing hemolysis), and a PLTX-like peak characteristic for OVTX-a was detected in LC-MS/MS extracts from O. cf. ovata. Thus, these symptoms could have been caused by inhalation of marine aerosols, paralleling the presence of Ostreopsis, although PLTX was not detected in the aerosol . The growing concern regarding the occurrence of Ostreopsis blooms in Brazilian coastal areas has stimulated new research on their distribution, identification, and toxin characterization along the Bahia coast.
In order to evaluate the current and future risk posed by Ostreopsis, it is necessary to understand its growth potential and population dynamics, the way in which they are related to toxin production and toxicity, and the effects of environmental conditions and intraspecific variability (both linked to the biogeographical distribution) on this relationship. Although O. cf. ovata has been studied intensively in the last decade, most of these studies have focused on samples collected in temperate areas, from both natural populations and cultures (Aligizaki and Nikolaidis, 2006; Accoroni et al., 2011; Vidyarathna and Gran eli, 2013; David et al., 2013; Penna et al., 2014; Pagliara et al., 2015; Carnicer et al., 2015a Carnicer et al., , 2016a . Despite the high diversity of Ostreopsis species in tropical latitudes (Carnicer et al., 2015b) , few studies have addressed their morphology, phylogeny or toxin characterization (e.g. Pin et al., 2001; Proença et al., 2010; Sato et al., 2011; Suzuki et al., 2012; Nascimento et al., 2012a Nascimento et al., , 2012b Carnicer et al., 2015b Carnicer et al., , 2016b . Some studies have focused on the effects of environmental stress in laboratory conditions, as follows: Nascimento and Correa (2010) evaluated the growth response of O. cf. ovata under different temperatures; Morton et al. (1992) examined the effects of temperature, salinity and light intensity on growth and seasonality of O. heptagona and O. siamensis; and Ashton et al. (2003) described the effects of temperature stress on the toxicity of O. lenticularis.
In the present study, some of the most important characteristics of a strain of Ostreopsis cf. ovata recently isolated from a tropical coastal system (Todos os Santos Bay, TSB, northeastern Brazil) were evaluated. The results from this study provide valuable information about the effects of different N/P ratios, which can be associated with anthropogenic sources in natural samples, on the development and toxicity of O. cf. ovata.
Material and methods

Sample collection, isolation and culture conditions
Macroalgae samples were collected in November 2013 at the mouth of Todos os Santos Bay (TSB), situated in Salvador (12 99 0 99.16 00 S/038 53 0 13.53 00 W), Bahia State, northeastern Brazil (Fig. 1) . Todos os Santos Bay is the second largest Brazilian bay, covering an area of about 1000 km 2 and the site of intensive tourism and port economic activities (Silva et al., 1996; Bahia-Rios, 2008) . Although the bay is an oligotrophic system (CRA, 2004) , it is impacted by many anthropogenic activities, such as the influx of domestic and industrial effluents, solid wastes, agriculture, ports and mining activities (Hatje et al., 2016) . Macroalgal samples were hand-collected in plastic bags by divers (0.5e1 m) and transported to the Laboratorio de Algas Marinhas (LAMAR/IB/UFBA). A characteristic mixture of macroalgal species (Amphiroa anatomosans Weber-van Bosse and A. fragilissima (Linnaeus) J.V. Lamouroux) was observed. Samples were vigorously shaken for 2 min to detach the associated epiphytes, and Ostreopsis cells were isolated from the epiphytic suspension using a micropipette and a Nikon ® TS100
inverted microscope (Nikon Instruments Inc., Japan). Each individual cell was kept initially in a 20-well tissue culture plate in f/2 diluted (50%) culture medium (Guillard, 1975) , progressively adapted to full strength f/2 medium until its final establishment (1e2 weeks), then transferred to a 10-mL glass tube. A culture of Ostreopsis (strain UFBA013) was maintained in an AC-402/300 temperature-controlled cabinet (ACBLABOR, São Paulo, Brazil) at 25 ± 2 C, with a light/dark cycle of 12 h:12 h and a photon flux density of~60 mmol m À2 s À1 provided by cool-white fluorescent tubes. The strain (UFBA013) is maintained in the CCVIEO culture collection of the Spanish Institute of Oceanography (IEO, Vigo: http://www.vgohab.es/) and in the Museu Nacional, UFRJ (Brazil).
Experimental setup
The experiments were conducted in f/2 medium without silicate, modifying the additions of N and P in order to test different concentrations (N ¼ 0e881 mM and P ¼ 0e36 mM) and different N/P ratios (Table 1) , using filtered and autoclaved local seawater (Ría de Vigo, NW Spain). Cultures were grown in 2-L Erlenmeyer flasks containing 800 mL of f/2 medium. A total of nine experiments were conducted, and Experiment 9 (N/P ¼ 24.5) was selected as the control, with five replicates. Each experiment was inoculated with 157 mL of cells UFBA013 in the mid-exponential phase, in order to reach an initial concentration of 1300 cells mL
À1
, and maintained in the same conditions described for their isolation.
Growth rate
Growth was monitored by cell concentration (cells mL
À1
). For enumeration of cells, aliquots of 1.5 mL were collected every 2e3 days and fixed with Lugol's solution. Cell concentration was determined by light microscopy, using a Sedgwick-Rafter counting chamber and observed under a Zeiss Invertoscop D (Carl Zeiss, Germany). 
Modeling of Ostreopsis growth
The experimental data for Ostreopsis growth were fitted to a logistic equation Salgado et al., 2015) :
From this equation, another kinetic parameter (m m , the specific maximum growth rate; d), describing the growth rate at the beginning of the exponential phase can be calculated (V azquez et al., 2012) :
where G is the dinoflagellate cell concentration (cells mL À1 ); t is the culture period (d); G m is the maximum growth concentration (cells mL À1 ); v m is the maximum growth rate (cells mL À1 d À1 ), l is the lag phase (d) and m m is the specific maximum growth rate (d À1 ).
Numerical methods for modeling growth curves
The non-linear least-squares (quasi-Newton) method from the macro 'Solver' of the Microsoft Excel spreadsheet was employed for numerical modeling of the Ostreopsis growth data (Salgado et al., 2015) . The error associated with the parameter estimations (as confidence intervals) was calculated and assessed by means of Student's t-test. The consistency of the logistic equation for each kinetic was studied by means of Fisher's F test. In both cases, the statistical evaluations were performed by macro "SolverAid" macro (Levie's Excellaneous website: http://www.bowdoin.edu/ ~rdelevie/excellaneous).
DNA sampling, PCR amplification and sequencing
Pellets from 5 mL of exponentially growing cultures of UFBA013 were harvested by centrifugation and the DNA extracted using a NucleoSpin ® Plant II extraction kit (Macherey-Nagel GmbH & Co.
KG, Germany) according to the manufacturer's protocol. The ITS rDNA fragment (ITS1-5.8S-ITS2) was amplified using primers ITSA (5 0 -GTAACAAGGTHTCCGTAGGT-3 0 ) and ITSB (5 0 -AKATGCTTAARTT-CAGCRGG-3 0 ) (Sato et al., 2011) .
PCR was performed with 25 mL reaction mixture containing 1X The PCR conditions were as follows: initial denaturation at 94 C for 5 min, followed by 40 cycles of denaturation at 94 C for 1 min, annealing at 45 C for 1 min, an extension at 72 C for 1 min, and a final extension at 72 C for 5 min. The PCR products were purified and sequenced by Macrogen (Seoul, Korea) in both directions using the PCR primers. The ITS rDNA sequence obtained in this study (402 nt) was deposited in GenBank (Acc. No. KY628450).
Phylogenetic analyses
Multiple ITS rDNA sequences were aligned using Bioedit v. 7.2.5 (Hall, 1999) . The alignment included UFBA013, plus 25 Ostreopsis sequences retrieved from GenBank, and Coolia monotis (KJ781711) as outgroup. Ostreopsis sequences were chosen in order to place the UFBA013 strain within the corresponding clade of the genus and in relation to selected sequences belonging to sister clades of Ostreopsis. Nevertheless, an in-depth phylogenetic analysis of the genus was not the purpose of the present study. The best nucleotide substitution model was selected using the model selection tool in MEGA 7 software (Kumar et al., 2016) , based on Maximum Likelihood (ML) as the statistical method. This procedure evaluates the fit of 24 different nucleotide substitution models to the data and those with the lowest BIC (Bayesian Information Criterion) scores are considered to best describe the substitution pattern. TN93 (Tamura and Nei, 1993 ) model with invariant sites was selected, and the robustness of the ML tree topology was evaluated using bootstrap with 1000 replications.
Toxin extraction/analysis
For toxin analyses (PLTX and analogs), 100 mL from exponential (LOG) and 700e800 mL from stationary phase (STA) cultures were collected. The volumes were filtered through 47-mm glass microfiber filters (MFV4, Cole-Parmer Instrument Co., Filter-Lab, U.S.A.) maintained at À20 C with MeOH until processing. Filters were disrupted by sonication using an Ultrasonic Homogenizer (ColeParmer, Chicago, IL, USA) with a 4710 probe. Next, the toxin extracts were clarified by centrifugation at 5411 Â g for 10 min at 10 C using a Sigma 3e16 KL centrifuge. The supernatants were removed and the pellets were extracted again with MeOH, homogenized in vortex and centrifuged following the same procedure. Both supernatants were combined and the total volume (3e4 mL) stored at À20 C until analysis by LC-HRMS and hemolytic assays.
LC-HRMS
The OVTXs identification was based on the elution order and full LC-HRMS spectra, following Ciminiello et al. (2010) and Brissard et al. (2014) . Mass spectrometry analyses were performed using a Thermo Scientific Dionex LC coupled to an Exactive mass spectrometer, equipped with an Orbitrap mass analyzer. The instrument was mass-calibrated for positive and negative modes, and the capillary and tube lens voltages were also optimized using the automated script within the Exactive acquisition software in both cases. LC-HRMS experiments were carried out with and without all-ion fragmentation (AIF) (HCD 35 eV). The mass range for full MS and AIF mode ranged from 200 to 3000 m/z at a resolving power of 140,000 and 70,000, respectively.
The conditions were set according to García-Altares et al. (2014) as follows: a column of 2.7 mm Poroshell 120 EC-C18, 100 Â 2.10 mm (Agilent), was kept at 20 C and eluted at 0.2 mL min À1 with water (eluent A) and 95% acetonitrile/water (eluent B), both containing 30 mM acetic acid. The following gradient elution was used: 28% B at t ¼ 0, 29% B at t ¼ 10, 30% B at t ¼ 20, 100% B at t ¼ 21, and hold for 9 min, 28% B at t ¼ 31, maintaining this proportion for 9 min in order to re-equilibrate the column for the next injection. A PLTX standard calibration curve with five injection levels (2, 4, 6, 7.5, and 10 ng mL À1 ) was prepared using an analytical standard from Palythoa tuberculosa (90% purity) purchased from Wako Chemicals GmbH (Neuss, Germany). Taking into account that OVTX standards are not commercially available, quantitative determination of OVTXs in the extracts was estimated by assuming that OVTXs produced the same molar response as PLTX. Extracted ion chromatograms for each OVTX were obtained by detection of all ion clusters, and the quantification was carried out by selecting the most abundant ion peak of tri-charged ions
].
Hemolytic assays
The hemolytic activity of the PLTX standard solution and algal extracts in LOG and STA phases was checked by delayed hemolysis of sheep erythrocytes, using the PLTX antagonist ouabain, following Riob o et al. (2008) . PLTX standard solution at 14 concentration levels (4e0.025 ng mL
À1
) was used for the calibration curve. The hemolytic effects of OVTXs from the algal extracts were estimated based on the equation for the line generated in the standard calibration curve, and were expressed as pg PLTX equiv/cell (Riob o et al., 2008) . Statistical analyses were performed with the R software and using the SMATR package (Warton et al., 2012) .
Results and discussion
Effects of nitrogen and phosphorus on the culture of Ostreopsis cf. ovata. Mathematical modeling of growth kinetics. Fig. 2 shows the experimental and theoretical growth data for Ostreopsis cf. ovata in the different concentrations of N and P evaluated. The growth curves showed a common sigmoid pattern, well described by a logistic equation (1), similar to that found in other dinoflagellates (Paz et al., 2009; Salgado et al., 2015) and in different microorganisms (e.g. bacteria) in variable batch conditions Spor et al., 2010) .
In most cases, the fit of experimental data to the equation (1) (Table 1) . This result could be due to the erratic growth profile, mainly in the exponential-phase data, of cells in that treatment (Fig. 2) . Growth in the control culture and the experiments with sufficient N and P concentrations (N:P ¼ 24.5) varied between day 11 (Exp 1 and control) and day 14 (Exp 4). Shorter exponential growth phases (ended on day 7) were observed in experiments with Plimitation (Exp 2) and P-depletion (Exp 7). The cells in the other experiment under P-limitation (Exp 6) showed an erratic growth profile, preventing the analysis of data. The cells in the experiments under N-limitation showed the end of the exponential phase on day 11 (Exp 3 and Exp 8); however under N-depletion (Exp 5) the cells showed continuous growth until the end of the experiment (day 16). In most experiments (Exp 2, 3, 4 and 8) growth curves showed an exponential phase characterized by an initial growth followed by slower growth, somewhat similar to that found by BenGharbia et al. (2016) . These authors identified three steps in the exponential phase: initial growth, slower growth and resumption of growth in an isolate of O. cf. ovata cultured at the same temperature (25 C) as our experimental setup.
The shortening of the exponential phase observed in our cultures under nutrient deficiency, especially P-limitation/depletion, is comparable to those found by Vanucci et al. (2012) and Pezzolesi et al. (2016) for O. cf. ovata growth under N and P-deficiency respectively, in 6 days and between 2 and 6 days. On the other hand, our experiments with sufficient N and P concentrations were more in agreement with Guerrini et al. (2010) who used a diluted (5Â) f/2 medium, and Brissard et al. (2014) who used L1 medium with soil extract (10e13 days, respectively).
The maximum densities (highest G m ) were obtained for Ndepleted cultures (Exp 5: N ¼ 0/P ¼ 18), followed by those with sufficient N and P, (Exp 1: N ¼ 129 mM/P ¼ 5 mM) and N-limited ones (Exp 8: N ¼ 441 mM/P ¼ 36 mM) in the STA phase. The highest growth rates (as v m and m m ), were achieved with P-depletion N ¼ 441 mM/P ¼ 0 mM (Exp 7), N-limitation N ¼ 441 mM/P ¼ 36 mM (Exp 8) and P-limitation N ¼ 753 mM/P ¼ 5.3 mM (Exp 2).
Studies on O. cf. ovata growth have shown that it is affected by abiotic factors such as nutrients, temperature, salinity and irradiance (Pistocchi et al., 2011; Vanucci et al., 2012; Vidyarathna and Gran eli, 2013; Yamaguchi et al., 2014) . However, the relationships between cell growth and loading of nutrients in O. cf. ovata are not entirely clear and the literature shows conflicting results, as follows. Based on field data, Vila et al. (2001) detected no relationship between cell growth and loading of nutrients; and Cohu et al. (2011) found no impact of nutrient concentration on cell density, in contrast to later results obtained by Cohu et al. (2013) , who found a positive correlation between phosphates and cell density. Some experimental studies are summarized in Table 2 . According to these studies, P and N limitation/depletion reduced the cell growth (Vanucci et al., 2012; Pezzolesi et al., 2016) , unlike our experiments that showed cell growth more similar to the growth in the control experiments of these authors.
Interestingly, our control experiment showed the lowest G m value, and one of the lowest values for growth rate, and was more similar to growth rates reported for some isolates from Mediterranean areas Pezzolesi et al., 2012; Vidyarathna and Gran eli, 2013) than to that found for isolates from Brazilian Atlantic waters by Nascimento et al. (2012a,b) . The highest growth rates observed in Exp 7, 2 and 8 are higher than those reported in the literature, in particular than the relatively high rates reported for strains from Pacific waters (Yamaguchi et al., 2012) and Mediterranean areas (Scalco et al., 2012) .
The differences in data on growth of O. cf. ovata isolates from different geographical areas have been attributed to the effects of abiotic driving factors (Ben-Gharbia et al., 2016 and references therein). These differences could be explained by the variations in the C:N:P ratio at the intraspecific and interspecific levels of marine algal taxa in response to environmental abiotic fluctuations, as pointed out by Yvon-Durocher et al. (2015 and references therein) for phytoplankton. Furthermore, we suggest that different experimental designs might also lead to such differences, in agreement with results reported for Coolia species, in which growth rates also vary considerably depending on culture conditions (David et al., 2017) .
Also, Pezzolesi et al. (2016) and Vanucci et al. (2012) used preadapted cultures and diluted f/2 medium (stock) under lower (1) no addition of N or P; * The authors named this experiment as "N,P-depletion"; ** no nutrient treatment; *** experimental study with variable T and S and no nutrients treatment; **** experimental studies to test four medium; *****experimental studies to test variable T and irradiance, no nutrients treatment. ****** N/P:-means no addition N or P.
temperatures and lower initial cell densities. In the present experiments, the cultures were not preadapted and the temperature as well as initial cell densities were relatively higher. Ostreopsis species from tropical waters can potentially attain higher biomasses and growth rates under elevated temperatures (Gran eli et al., 2011; Vidyarathna and Gran eli, 2013; Tawong et al., 2015) .
Molecular analysis and phylogeny
The ML phylogenetic tree based on ITS rDNA sequences (Table 3 ) placed the strain UFBA013 in the Atlantic/Mediterranean/Pacific clade of Ostreopsis cf. ovata, with strong bootstrap support (Fig. 3) , together with sequences of other Brazilian isolates from Rio de Janeiro (Nascimento et al., 2012b; Penna et al., 2005 Penna et al., , 2010 . A sister clade of O. cf. ovata grouped several sequences from Atlantic/Indian/Pacific origins, as previously reported .
Toxin analysis
LC-HRMS
PLTX or isobaric PLTX (so far referred to as putative PLTX; García-Altares et al., 2015) was not found in any of the extracts analyzed, while OVTXs were detected in all of them, with the following output sequence: OVTX -c, -d, -e, -b and -a (Fig. 4) . Although our results were similar to those of Ciminiello et al. (2010) and Vanucci et al. (2012) for OVTXs, these authors detected PLTX and isobaric PLTX in their experiments. Ostreopsis sp.
O. cf. ovata HG972965 Fig. 3 . Maximum likelihood (ML) phylogenetic tree based on the ITS rDNA (ITS1-5.8S-ITS2) sequences. The strain Ostreopsis cf. ovata UFBA013 from TSB is shown in boldface. Only bootstrap values > 50% are shown (1000 replicates). Scale bar corresponds to the number of nucleotide substitutions per site.
The data for toxin cell quota in LOG and STA phases are shown in Tables 4 and 5, respectively. In the two growth phases (LOG and STA), the total OVTX cell quota ranged from 21 to 43.4 pg PLTX equiv cell
À1
. OVTX-a was the major component and ranged from 11.8 to 24 pg PLTX equiv cell À1 (55e59%) in the LOG phase, and from 14.6 to 26.5 (56e61%) in the STA phase, followed by OVTX-b ranging from 7.4 to 14.2 (32e35% -LOG) and 7.9 to 15.3 (31e35% -STA). The major OVTX -a contribution detected in our study agrees with previous studies on strains from temperate Mediterranean waters Rossi et al., 2010; Scalco et al., 2012; Ciminiello et al., 2012; Vanucci et al., 2012; Honsell et al., 2013; García-Altares et al., 2015; Ben-Gharbia et al., 2016) , but not with data on a strain from tropical Rio de Janeiro, Brazil (Nascimento et al., 2012b) , where OVTX -b had a larger contribution than OVTX -a. Tawong et al. (2014) detected differences between toxicity in strains of O. cf. ovata and suggested that this may be because of variable toxicity from the same species, as pointed by Ciminiello et al. (2013) , related to cell density, environmental conditions or even between populations in different areas . All other toxins (OVTX -c, -d and -e) represented a minor contribution, and ranged from 0.4 to 1.8 (2e5%) of total toxin in LOG phase and 0.3 to 1.2 (1e4%) in STA phase.
Regarding the influence of growth phase on the toxin profile in Ostreopsis, previous studies (Carnicer et al., 2015a) suggested that in the LOG phase the cell metabolism is more focused on growth than on the production of molecules, such as toxins, which may be bioenergetically too expensive. Studies using O. cf. ovata isolates from the Mediterranean area Vanucci et al., 2012; Vidyarathna and Gran eli, 2013) showed higher cell concentrations in the STA or decline phases, while Nascimento et al. (2012b) detected lower toxin concentrations in the LOG phase, but found no clear pattern in relation to growth phases. This view was shared by Ben-Gharbia et al. (2016) . In our study, the OVTXs profile was similar in the LOG and STA phases, and no significant variations (p > 0.05) in cell quota were observed.
Literature data about toxin concentrations of Ostreopsis cf. ovata are summarized in Table 6 . Our results are more similar to isolates from the Adriatic Sea Vanucci et al., 2012; Honsell et al., 2013) than to Brazilian isolates (Nascimento et al., 2012b) . The latter showed the highest toxin concentrations reported for the species.
Toxin production by Brazilian strains was not affected by nutrient concentrations. Vanucci et al. (2012) and Pezzolesi et al. (2016) detected lower concentrations under N-and P-limited conditions, but some conflicting results have been reported for this issue. Gran eli and Flynn (2006) noted that limitation of nutrients increases toxin production or the cell toxin quota in phytoplankton, as a direct or indirect function of physiological disturbances. Van de Waal et al. (2014) observed that for algal toxins in general, the cellular accumulation of carbon-rich toxins (as in Ostreopsis species), can be stimulated by P and N limitation. Our results for both limitation and nutrient supply, suggest that toxin production is a constant fraction of the algal production at all physiological conditions, in agreement with Van de Waal et al. (2014) and Pinna et al. (2015) . The full HR spectra of OVTXs with ion peaks are shown in Fig. 5 , with mono-, bi-and tri-charged ion peaks in the range of m/z 2590e2,710, m/z 1330e1380 and m/z 890e920 respectively. Characteristic tri-charged ion peaks were due to [Mþ2HþK] 3þ for well-represented water loss. The ion peaks and water loss observed were similar to the ranges reported by Ciminiello et al. (2010) using a strain of O. cf. ovata from the Adriatic coast.
Hemolytic assays
In all experiments, the hemolytic activity was inhibited by ouabain, a PLTX antagonist. The inhibition of hemolysis by ouabain, together with the delayed effect, are characteristic of PLTX (Habermann and Chatwal, 1982) . Dilution factors, quantification of toxin activity expressed as pg PLTX equiv cell À1 and total cell concentration in the extract are presented in Table 7 . A strong correlation between hemolytic activity and total OVTXs was detected by LC-HRMS (p < 0.001; Fig. 6 ). The hemolytic activity showed a similar effect as the PLTX standard, suggesting a common mechanism of action, in agreement with previous studies (Riob o et al., 2008; Vanucci et al., 2012; Brissard et al., 2014) .
Conclusions
This is the first experimental study of nutrient limitations on growth kinetics, toxin profile, and the associated hemolytic activity of a strain of Ostreopsis cf. ovata isolated from tropical Brazilian coastal waters. In addition, its detection in Todos os Santos Bay broadens the known distribution of the genus Ostreopsis in Brazil. Despite the different growth responses exhibited by this strain of O. cf. ovata under varying nutrient conditions, no significant differences in qualitative or quantitative toxin data were found. The influence of additional factors, such as light and temperature, on the growth and toxins of Ostreopsis, as well as the response of other strains from the same biogeographic area, should be also explored. Knowledge of the physiological effects triggered by these environmental factors in Ostreopsis isolates (from tropical and temperate locations) will be crucial to understand and predict the changes in their populations in a warming climate, likely associated with the increasing number of harmful algal events recorded on the Brazilian coast. 
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